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Abstract

The electrochemical behaviors of 3,6-dihydroxyphenanthrene in non-aqueous or aqueous solutions were investigated using
boron-doped diamond electrodes. 3,6-Dihydroxyphenanthrene exhibited different cyclic voltammetric behaviors in organic and
aqueous solutions. Cyclic voltammetry, hydrodynamic voltammetry and flow injection anéfyais with amperometric detection
were used to study the oxidation reactions. Experiments were concurrently performed using glassy carbon electrodes as comparison
The detection limit of 5uM for 3,6-dihydroxyphenanthrene in organic medium was obtained by the use of the FIA technique
with the diamond electrode. The peak current4at.2 V vs. Ag/AgCl due to the oxidation of 3,6-dihydroxyphenanthrene is
proportional to its bulk concentration in the range of 10—100 with R=0.99. The FIA response was highly reproducible, and
the response variation was below 6% from film to film in detectable range.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction in organic solution due to high sensitivity, even at high
oxidation potentials.

AIt_hough the practicgl application_is_still in its infancy, 2. Experimental
heavily boron-doped diamondBDD) is indeed superior
as a electroanalytical electrode due to wide electrochem- Heavily BDD film was deposited on p-Gi11)
ical potential windows in both non-aqueous and aqueouswafer. Microwave plasmd2.45 GH2 assisted CVD
solution [1-3], very low voltammetric background cur- system(ASTeX Ax2115 was used to grow diamond
rent [4], high resistance to deactivation via fouling, film. High-quality microcrystalline diamond thin film
extreme electrochemical stability, and high sensitivity. was deposited at a forward power of 1400 W, a system
The further investigations showed that lack of oxygen pressure of approximately 70 Torr, a chamber tempera-
functional groups and highly hydrophobic on inert sur- ture of 540 °C. Ultra purity hydrogen gas and the
face of diamond fabricated via chemical vapor deposi- mixture of acetone and methanol were used as respective
tion (CVD) [5] are mainly responsible for the superior carrier gas and carbon source in our laboratory. Film
performance of diamond electrodes. with an average thickness of 20M was obtained after

To the best of our knowledge, this is the first report 24-h deposition. The GC electrodes were prepared by
on the electrochemical investigations of 3,6-dihydroxy- polishing on polishing cloth in aluminavater slurries.
phenanthrene. The results show that BDD electrodes aréBoth diamond and GC were ultrasonicated in deionized
superior to glassy carbdiGC) electrode as electrochem- water. Ohmic contacts for diamond and GC electrodes
ical sensor in both non-aqueous and aqueous solutiongvere made by gold past@okuriki Chemical Co).. The
due to high sensitivity, stability and reproducibility. BDD ~ €lectrodes were mounted using liquid silicone resin
is demonstrated to be an excellent electrode material forcovering the periphery of BDD or GC films with
the detection of 3,6-dihydroxyphenanthrene especially €xposed area of 0.20 ém .

Electrochemical measurements were carried out in a

*Corresponding author. Teffax: +81-28-689-6150. single compartment cell with AGQAgCI as the reference
E-mail address: sachioy@ees.utsonomiya-u.adp. Yoshihara. electrode and platinum mess as the counter electrode.
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Fig. 1. Cyclic voltammograms for 10QM 3,6-dihydroxyphenanthrene in Me@BL.O1 M Bu, NP at(a) BDD, (b) GC, sweep rates were 30
mV/s, solid lines are signal curves and dotted lines are background ones. Ifsgti®torrelative curve of,, and v'/2.

Cyclic voltammograms were recorded with a combined 3. Results and discussion
potentiostat-function generator controlled by a PC.
The flow injection analysidFIA) system was used 3.1. Voltammetric studies
in the present study. The mobile phase flow was regu-
lated with a model pumgEYELA SMP-23), through a Fig. 1 shows cyclic voltammograms obtained for 3,6-
model injector valve with a 2@ injection loop, and dihydroxyphenanthrene in deaerated 0.01 M n-
into a home-built thin-layer flow cell. The flow rate was Bu,NPF;/MeCN media at BDD and GC electrodes. In
1.0 ml/min. 0.01 M Bu, NPE/MeCN was used as the the case of BDD the voltammogram exhibit a shoulder
mobile phase. The sample solutions were prepared withpeak at £,;=1.00 V and a well-defined peak at
the same media. E,,=1.20 V, whereas that for GC tends to a plateau
Hydrodynamic voltammogram was obtained before (E,;,,=1.00 V). No reduction peak was observed on the
FIA. The data were obtained by recording the back- reverse scan. Also, the peak curréptin the present
ground current at a fixed potential, followed by the system was linearly dependent on sweep rgt€ with
injection of the 20-analyte samples. The peak currenta slight deviation from the origin, indicating a semi-
after each injection was recorded, together with the infinite linear diffusion of reactant to the electrode. It is

corresponding background current. worth noting that the very low background current was
3,6-Dihydroxyphenanthrene was synthesig@d Oth- observed on BDD electrode, which is in contrast to that
er analytical grade reagents were used as purchasedn GC electrode, the background was 1 order of mag-
without further purification. nitude less for the former electrode than that for the
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Fig. 2. Cyclic voltammograms for 100.M 3,6-dihydroxyphenanthrene in 1 M HCJ@0.01 M NaClQ (solid) and 1 M NaClQ+0.01 M
HCIO, (dotted at (a) BDD and(b) GC, sweep rates: 30 ny¥g.
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Scheme 1. Reaction scheme.

latter electrode. To 10Q.M 3,6-dihydroxyphenanthrene, couple of ill-defined redox peaks centered at 0.29 V
the S/N ratios (for i,,) were 1 order of magnitude observed in the latter case. At GC, the couple of redox
higher for the diamond electrod®) than that for the  peaks is centered at 0.45 V with theE, of 30 mV,

GC electrode(1). The low background current and the
high S/N ratio associated with the diamond electrode
make high sensitivity for 3,6-dihydroxyphenanthrene
detection in n-By NPE/MeCN media, even though the
peak potential is relatively positive.

Fig. 2 shows the voltammograms performed in 1 M
HCIO,+0.01 M NaClQ, and 1 M NaCIlp+0.01 M
HCIO, aqueous solutions. Two anodic pedls,; and
E,, in Fig. 28 located at the potential of 0.78 and 1.2
V, respectively, appeared when the potential was swept
positively from the rest potentiahil M HCIO,+0.01
M NaClO, system. The potentials of both pedks and
E,, shifted positively approximately 100 mV in 1 M Time (s)
NaClO,+0.01 M HCIO, system, indicating that both
?I’IOdIC ;eaf.tl?ns bem.g pH—dependIent. ?n tge Consekcu_Fig. 3. EI_ectrochemicaI detection_results for FIA with 20injections
Ive po en_ lal “sweeping, a _COUpe 0 re_ OX PEaAKS 3,6-dihydroxyphenanthrene in Me@Bl01 M Bu,NPF . The
observed in the former solution system with thé&, applied potential was 1.3 V vs. A8gCl and the flow rate was 1
value being 122 mV centered at 0.34 V, whereas a ml/min.

30s 100 M
1A

50 M

40 uM

Anodic current (p A)




306 Y. Zhang et al. / Surface and Coatings Technology 169170 (2003) 303-306

which is characteristic of two-electron transfer electrode curve is characteristic of limiting current, so we adopted
reaction. 1300 mV as detection potential for FIA.

Based on the investigations above, we can give the Fig. 3 shows the amperometric response of a BBD
electrode reaction mechanism of 3,6-dihydroxyphenan- electrode for repetitive 24 injections of 3,6-dihydrox-
threne in both organic and aqueous media. The reactionyphenanthrene in 0.01 M Bu NRAVIieCN using detec-
scheme is shown as follows in Scheme 1 The electro-tion potential of 1300 mV. The signal current increased
chemical oxidation of 3,6-dihydroxyphenanthrene is linearly with increasing the concentration of 3,6-dihy-
believed to take place at the two phenol groups of the droxyphenanthrene from 10 to 1M (R=0.99. The
molecules to form the corresponding 3,6-dihydroxyphen- response variation was maximum approximately 6%
anthrenedione in both organic and aqueous solutions.from film to film. Well-defined and reproducible amper-
The hydroxy groups of o-directors and the ketone groups ometric responses were also observed fouM-injec-
of o-directors on phenanthrene is reversibility redox tion  samples. The detection limiting  for
couples verified by the cyclic voltammetric behavior of 3,6-dihydroxyphenanthrene in 0.01 M Me¢Biu,NPF;
9,10-phenanthrenequinone in 1 M HCI©0.01 M was 5uM. BDD electrodes showed complete stability
NaClO, aqueous solutiofnot shown herg consequent-  for at least 24-h exposure to laboratory atmosphere. The
ly, it is shown that the reversibility redox peaks appeared results verified the outstanding performance of BDD
approximately at 0.34 and 0.45 V at BDD and GC electroanalysis for 3,6-dihydroxyphenanthrene in organic
electrodes in the same solution are due to the hydroxysolution using FIA technique.
groups of o_-dlrecFors formation in aqueous _solutlon. IN References
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